Purpose The aim of this study was to evaluate the safety and efficiency, as well as the incorporation characteristics of a specific type of xenograft used for iliac crest defects postharvesting tri-cortical iliac crest bone graft. Methods Sixteen patients diagnosed with chronic anterior pelvic pain were operated for pubic symphysis fusion. The tri-cortical graft harvested from the iliac crest was inserted into the pubic symphysis and compressed with a reconstruction plate. The defect in the iliac crest was filled with a block of cancellous bovine substitute (Tutobone®). The length of iliac crest defect, time to fusion of pubic symphysis, time to incorporation of the graft and complications were recorded. The postoperative pain and patients' satisfaction were evaluated. Results The median age of patients was 36.5 years (range 27-75). Fusion was obtained in 15 patients (94 %). The median time to fusion was four months (range three to seven). The length of the iliac crest bone defect ranged from 40 to 70 mm. Integration of the bovine substitute was achieved in 15 patients (94 %) over a median period of three months (range two to six). The postoperative median pain score was 2 (range 1-5). Twelve patients (75 %) reported good satisfaction. No major complications or allergic reactions were observed. Conclusions The xenograft used in this study provided a safe and effective method of reconstruction of iliac crest donor site defects. It has satisfactory incorporation, high biocompatibility and no signs of inflammatory reactions. This new technique is simple and easily reproducible in routine clinical practice.
Introduction
Iliac crest bone grafts are considered to be the gold standard method in bone grafting procedures. Due to their osteogenic, osteoinductive and osteoconductive properties, they have been widely used in a variety of orthopaedic, neurosurgical, and maxillofacial procedures to promote bone healing and restore bone defects [1, 2] .
Despite their many advantages, harvesting of iliac bone grafts can be associated with significant morbidity [3] . The overall complication rate ranges from 9 to 49 % [4] including infections, hematomas, seromas, hernias, persistent pain, fracture of the ilium and poor cosmetic outcome [5] . To decrease the risk of these potential complications, various harvesting methods have been described using trephines, specific reamer systems and special osteotomes or applying minimally invasive approaches [6] . Moreover, authors have proposed different protocols in order to control pain, which remains one of the major complications after iliac crest bone graft harvesting [1] .
In cases where a graft possessing structural properties is needed, tri-cortical bone from the iliac crest can be harvested. This type of graft is usually large, its harvesting requires a bigger approach and results in the creation of considerable defects at the donor site of the iliac wing.
Reconstruction of the resulting iliac crest defect has been reported in several in vivo and clinical studies, with promising results. Different types of materials have been used, including degradable hydroxyapatite-bioactive glass composites, bioactive ceramic prosthesis and spacers, autogenous ribs, metallic plates and polyurethane bone graft substitutes [7] [8] [9] [10] [11] [12] .
Xenografts (tissue from different species) have also been utilised for a variety of clinical conditions in the form of deproteinized and defatted bovine bone, which has a chemical composition and architectural geometry that is almost identical to that of human bone [13] [14] [15] .
All of the above graft materials have been used in order to minimize donor-site pain, to promote bone healing [10, 11, 16, 17] , and to improve cosmesis [7-9, 18, 19] and functional outcome [12, [20] [21] [22] .
The purpose of the present study was to determine the safety and efficiency, as well as the incorporation characteristics of a specific type of xenograft (cancellous bovine bone, Tutobone®, Tutogen Medical GmbH, Neunkirchen a. Brand, Germany) used for iliac crest defects postharvesting tri-cortical iliac crest grafts.
Patients and methods
Between January 2005 and January 2010 patients diagnosed with chronic anterior pelvic pain secondary to osteoarthrosis, post-partum pelvic instability or pubis symphysis dysfunction and underwent pelvic reconstruction in the form of fusion requiring a tri-cortical graft harvested from the iliac crest were eligible to participate in this study. Exclusion criteria were patients that underwent fusion but a tricortical graft was not harvested as it was not deemed to be necessary and other type of graft material was used. All the patients were operated by the same orthopaedic surgeon.
Surgical technique
Under general anaesthesia and with the patient supine on a radiolucent table, a Phannesteal incision was used to expose the pubis symphysis. Using osteotomes, the cartilage was removed and a vascular bed was created in such way as to accept the fitting of the appropriate tricortical graft harvested based on the patient's wish from either the left or the right iliac crest. For the harvesting of the tricortical graft, the first lateral window of the ilioinguinal approach was used. Using an electric saw the appropriate size was harvested based on the length of the bed prepared at the pubis symphysis. Fusion was facilitated by insertion and compression with a reconstruction plate of the tri-cortical graft into the pubic symphysis. The defect in the iliac crest was filled with a block of cancellous bovine substitute (Tutobone®; Fig. 1 ). The appropriate size of the substitute was measured and a press-fit technique was applied. Where appropriate, more than one Tutobone® xenograft cancellous block was inserted and compressed into the defect. Depending on the stability of the inserted graft as assessed intra-operatively and at the surgeon's discretion, where it was felt to be necessary, a 3.5-mm screw was inserted fixing the xenograft block to the iliac blade for optimum stability.
The patients' demographics, length of iliac crest defect, time to fusion of pubic symphysis, and time to incorporation of the Tutobone® were recorded. Radiological examination consisted of anteroposterior, inlet and outlet pelvic radiographs. Radiographic incorporation of the bone graft was reported by an independent musculoskeletal radiologist assessing the images taken at follow-up. Incorporation was defined as bridging of the interface between the graft and the native bone by bone, callus, or trabeculae and obliteration of the graft interface [23, 24] .
The degree of pain and tenderness in deep palpation over the donor site was evaluated with the use of a visual analogue scale at the final follow-up appointment. All donorsite-related complaints or complications were recorded. An assessment tool for patients' subjective satisfaction at the final follow-up visit was used consisting of a 3-category scale (patient comfortable with the donor site, A; patient with some problems at the donor site, B; patient not satisfied at all with the donor site, C). The minimum follow-up was 18 months (range 18-61).
Results
Out of 43 patients, 16 met the inclusion criteria (Table 1) . There were 15 females (94 %) and one male (6 %), with a median age of 36.5 years (range 27-75). The indication for surgery in most of the cases (68.7 %) was pregnancy related pelvic girdle pain syndrome (PPGP) according to the algorithm of management as previously described [25] . The rest had their pubic symphysis fused as a result of a pelvic fracture or pubis osteitis [26] .
Fusion of pubic symphysis was obtained in all but one patient (94 %; Fig. 2 ). The median time to fusion was four months (range three to seven months). There was one failed fusion of the symphysis secondary to infection requiring One patient had sharp pain on direct pressure at the harvesting site and two patients had moderate pain during cold weather. One patient had moderate pain with light touch at the skin incision. Overall, three patients complained of cosmetic irregularity and scar hypersensitivity. According to the subjective 3-scale assessment, 14 patients (87.5 %) were at state A, one at state B and one at state C (Table 1) .
Regarding the postoperative complications, there was one patient with wound hematoma at the donor site that was resolved without any intervention. No allergic reactions were recorded with this bovine graft. In one patient, the substitute did not show incorporation, but no further symptoms were reported. All patients reported the substitute felt as part of their body, and they did not have any feelings of movement or instability at the grafted site. In two of them the incorporated xenograft was palpable as a deformity to the congruency of the iliac crest. There were no muscle hernias or neuropathies at the harvesting site of the iliac crest.
Discussion
Minimally invasive techniques for harvesting iliac crest bone graft have evolved in an attempt to reduce donor site morbidity and to increase the harvested volume [27] . Despite their reported advantages such as a reduced risk of infection, less chance of fracture of the ilium, reduced blood loss and operating time, these approaches are still problematic. In the case of tri-cortical autologous iliac crest bone harvesting, local donor site morbidity is significant since the created bone defect is large, palpable, increases the risk of abdominal contents' hernias and exposes bleeding surfaces of cancellous bone predisposing to hematomas, seromas and infections.
This cohort study describes the safety and efficacy of a specific surgical technique of filling the corticocancellous defect at the donor site. Certain limitations have to be considered in the herein report including the small number of cases evaluated, the retrospective nature of the study and the lack of a control group. However, this is the first report in the literature of the use of this specific xenograft and technique. Strengths of this study include the long follow-up time and the consistency of the surgical technique as one surgeon performed all the procedures. Assessment of graft's incorporation was based on the report of a senior radiologist being independent from the surgical team and as such any potential bias from the analysis of the radiographs by the surgical team was eliminated. A strength of the study can also be considered the fact that the radiological evidence obtained was supplemented by the clinical findings and the subjective patient-reported outcome.
In general terms, reconstruction of iliac crest bone defects using this cancellous bovine substitution material was associated with a satisfactory radiological and clinical outcome. In clinical practice it offered an easy-to-reproduce technique of addressing sizable donor-site defects after harvesting of tricortical iliac bone graft. Graft incorporation is usually related to the vitality of the host bed and the amplitude of local preosteogenic or osteogenic cell populations. We believe that the iliac host bed was not only well vascularised but also rich in osteo-progenitor cells [34] . Moreover, the custom-made sizing of the inserted graft and the press fit insertion, supplemented when needed by screw fixation, offered the required local stability, maximising graft incorporation.
The xenograft serves primarily as void filler that allows osteo-conduction of the host cells into its mass, resulting in progressive incorporation of the graft into the host bone. Incorporation is a series of events (creeping substitution) including gradual replacement of grafted bone by host bone through a mechanism of osteoclastic resorption followed by deposition of new bone [28] . Experimentally, about half of a massive cortical bone autograft will be replaced by living bone after six months of implantation [29] . However, in human allografts or xenografts substitution of less than 10 % has been observed at the same period of time [30] .
The bovine cancellous xenograft used in this study offers many advantages. Its biomechanical characteristics have been well tested indicating no structural deficits after its chemical processing [31] . The main indications are areas where trabecular bone is required, filling in of bone defects and plastic reconstruction of damaged bone White arrow indicates incorporation site of xenograft regions. Moreover, these indications can be extended to iliac crest defects of any size and shape, since it can be fashioned without difficulty.
In a recent retrospective study, the clinical and radiological outcomes of subtalar fusion with and without bovine cancellous bone grafting were evaluated [32] . High rates of failure were found and the authors advised an extreme caution when considering the use of this material in subtalar joint fusions. However, they recognized that vascular insufficiency, which usually characterizes the patients undergoing subtalar fusion, could have contributed to the poor graft integration.
In contrast, Lakdawala et al. [33] reported satisfactory outcomes with good osseointegration with the use of Tutobone® in patients who underwent revision knee arthroplasty. Furthermore, Meyer et al. [34] evaluated the histological osseointegration of this substitute used in high tibial osteotomy and revision hip arthroplasty in humans. Analysis of the biopsies showed high biocompatibility of the material without any fibrous tissue filled interface. Similarly, the clinical and radiological outcome of the patients in the present study indicated a good incorporation of the xenograft, no loss of alignment and no loss of bone load or infection. The majority of patients were subjectively satisfied having minimal or no pain and no major complications.
Similar case series exist reporting on other methods of addressing the same problem and offer the comparative groups of cases for the present cohort (Table 2) [7-12, 16, 19-22] .
Bapat et al. [20] and Dave et al. [21] used rib autograft for reconstruction of the iliac crest during surgery of thoracic spine. The rib, which was removed at the time of 16 40-70 mm 94 % Median VAS of 3 (0-9) 87.5 % "very satisfied" 0 Tutobone, Xenograft n/a not applicable or not available, VAS visual analogue scale thoracotomy, was used and fixed to the iliac crest with a press-fit technique after fashioning it from both ends. No rib graft complication was recorded, the graft was well incorporated and the patients had significantly lower pain. Rightfully, the authors stated that this technique is limited to patients undergoing thoracotomy or thoraco-phrenolumbotomy for spinal reconstruction.
Bojescul et al. [19] reported a prospective randomized study of coralline hydroxyapatite used to backfill iliac crest donor sites versus no void filler in five and seven cases respectively. Seventy-five percent of patients showed bone ingrowth on plain radiographs and CT scan, and 100 % showed biological activity on technetium bone scans. All patients reported mild pain to no pain postoperatively. However, the sample of patients was small and follow-up was limited to 12 months.
Japanese authors [10, 11] have investigated the long-term results of bioactive ceramic spacers and their efficacy in reconstruction of the iliac donor site defect. They reported satisfactory outcome in high percentages, concluding that ceramic materials can be beneficial for reconstruction of the iliac crest defects.
Recently, a cost-effective technique proposed by GilAlbarova [16] included the use of bone graft obtained from the bone defect itself. A transverse fence of appropriate thin tri-cortical chips taken from the posterior lateral wall of the donor site was used to reconstruct the iliac crest. No hardware was placed and bone defect healing was satisfactory. However, further studies are needed to prove the efficacy of this technique in reconstruction of larger defects.
Conclusion
Cancellous bovine xenograft used in this study provides a safe and effective method of reconstruction of iliac crest donor site defects. It has satisfactory incorporation, high biocompatibility and no signs of inflammatory reactions. This new technique is simple, relatively fast and easily reproducible in routine clinical practice. A larger series of patients and prospective control studies are required to expand its use and verify the promising results.
